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WORK C OK FIJ:TED 

During iiie second q u a r t e r l y  :-e;Jortin& p e r i o d  t h e  f o i lowing  t a s k s  

e were comgleted: 

1. 

J 
L .  

L i t e r a t u r e  d e a l i n g  with Dpcra t iona l  environment  ( i l l u n i n a -  

t i o n ,  n o i s e ,  t empera iure  and v i t i r ac ion )  con t inued  t o  b e  

3cughc and a c q u i r e d .  Fourteen new documents were re-  

ques t ed  and a t  t h e  end of the month 1 2  kiad been r e c e i v e d .  

The l i t e r a t u r e  of l i g h t i n &  c o n t a i n s  much c o n f l i c t  which  

does not  seem t o  u e  r e s o l v e d  by r e s e a r c h .  T h i s  i s  n o t  

t h e  case  w i t h  g ; : a i ~ ,  Ilowt'ver, where much more agreement 

eX13tS. 

L i t e r a t u r e  d e a l i n g  w i t h  s a f e t y  was sought  and ordered .  

S i x t e e n  documents were r e q u e s t e d  2nd a t  t k e  end of t h e  

:nonth e i g h t  were r ece ived .  Some o v e r l a p  with t h e  l l t e r a -  

ture of  o p e r a t i o n a l  e n v i r o n m e n t  was exnes t ed  and d i d  i n  

f a c t  o c c u r .  

Man's Capabi l l ty--Weight  Lifting. The 1 i t e r a t u l . e  deal-  

i n g  w i t h  t h i s  t o p l c  was no t  p i c n t i f u l  as only  about  

e igh t  good p u o l i c a t i o n s  tiad t e e n  round.  Mmt of t h e s e  

d e a l t  w i t h  a . -e la t ivel ; i  s t a t i c  s i t u a t i o n  i n v o l v i n g  a 

v e r t i c a l  ISf t .  I t  was hoped t h a t  more l i t e r a t u r e  would 

be found t c  dea l  wi th  c e r t a i n  d:;namlc va r i ab le s  such a s  

weignt  c a r r y i n g  over a d i s t a n c e  arid wei&t l i f t i n g  a t  

d i f f e r e n t  an,les of' arms and leg f l e x i o n .  



LC. C c n t r o l  & D i s p l a j r .  T h e r e  was a myriad of l i t e r a t u r e  

d e a l i n g  w i t h  t h i s  brzosd &re&. P:anji $ u b l i c a t i o n s  wer'e 

(-1rdered o r  requested th rcugh  the  l i b r a r y  solely on tl-.e 

Dasis of tk,eir t i t l e s  i n  hopes t h a t  tk'eir c o n t e n t s  

would be p e r t i n e n t  and u s e f u l .  A c a s u a l  perusal of 

t h e  p u b l i c a t i o n s  acqu i r ed  s o  far i n d i c a t e d  t h a t  most 

cpf them were u s e f u l  a l though tke re  were c e r t a i n  incon-  

s i s t e n c i e s  i n  f i n d i n g s .  

Tne f o l l o w i n g  s p e c i f i c  areas d e a l i n g  w i t h  c o n t r o l  and 

d l s p l a y  were found t o  have s a t i s f a c t o r y  s u b s t a n t i a t i n g  

d a t a :  c o n t r o l  m c t i o n  s t e r e o t y p e ,  c o n t r o l  d e s i g n ,  c c n t r o l  

s e p a r a b i l i t y ,  a i d  z o n t r o i  a c t u a t i o n .  A new l i s t  of ccn-  

trol and d lsp l i iy  r e f t r e n c c s  ~ c c m p a n i e d  the ' f o u r t h  

rn on t h 1 y progress pepor t .  

5. Dec i s ion  Making. Most of t he  l i t e r a t u r e  found was of 

a t h e o r e t i c a l  n a t u r e  which wiis n o t  Judk;cd to be u s e f u l .  

If, w % s  hoped t h a t  p u b l i c a t i o n s  y i e l d i n g  more c o n c r e t e  

d a t a  would be found.  L i t e r a t u r * e  s e a r c h  i n  t h i s  area 

was c o n t i n u i n g .  

6. Nine more re sponses  t o  tt-.=e l e t t e r  of s o l l d i t a t i o n  were 

r e c e i v e d .  This raised t h e  r e sponse  pe rcen tage  t o  :;% 

w i t h  a t o t a l  of 2'6 documents a c t u a l l y  i n  hand.  

' i .  The N A S A  Con t rac t  Monitor (MSFC-P&VE) and a r e p r e s e n t a -  

t i v e  of N A S A  MSFC-ks t r ion ics  vislted both t h e  Huntington 

Beach and Long B e a c h  f a c i l i t i e s  t o  c o n f e r  w i th  the s t a f f  



'1 : .  employed i n  s p e c i f i c  s i t u a t i o n s .  I n  g e n e r a l ,  t h e y  are 

unsuppor ted  by e m p i r i c a l  data  but do nave r a t h e r  s t r o n g  

f a c e  v a l i d i t y .  Cons ideraolc  o v e r l a p  i s  o b s e r v e d  w i t h  

t h e  literature of c l o t h i n g  when c o n s i d e r i n &  p ro tecL ive  

garments .  

3. Much of t h e  l i t e r a t u r e  a c q u i r e d  i n  t he  a r e a  of c lo tk i ing  

proved t o  oe  of l i m i t e d  u t i l i t y  t o  t h i s  p r o j e c t  s i n c e  

i t  d e a l t  f o r  the most p a r t  w i t h  c l o t h i n g  used  i n  high 

a l t i t u d e  f l y i n g  or space t r a v e l .  / 

4 .  Newly acqu i red  p u b l i c a t i o n s  i n  the a r e a  of  Main ta ina-  

b i l i t y  were examined and i n t e G r a t e d  i n t o  t h e  d ra f t  of 

m a i n t a i n a o i l i t y  c h a p t e r .  

5. Let ters  of' i n q u i r y  were s e n t  t o  r e s e a r c h e r s  a c t i v e  i n  

t h e  f i e l d  of dynamic an thropometry .  

which seem a p p r o p r i a t e  for i  t h e  workspace c h a p t e r  were 

s e t  as ide.  

Anthropometry i t ems  

;:Ot,K LYiDEIiWAY 

During t h e  second q u a r t e r l y  r e p o r t i n g  p e r i o d  t h e  f o l l o w i n &  work 

was underway : 

.-_..._I ___-, 

Fourti1 Month c_ 

1. P r i n t - o u t  c a r d s  frcrr, t h e  computer s e a r c h  cont inued  t o  be 

exainined as emghas is  i n  t h e  worak mmed from cne t o p i c  

a r e a  t o  a n o t k e r  i n  keeFing wl ti. t h e  Milest,c)ne Schedule .  
i 

2 .  Altllough tile seam11 for l i t e i d a t u r e  contiriued, more c f -  

f o r t  wa; being d e v c t e d  t o  lieviewink.; and  a o s t i - a c t i n d  



.. . 

of t h e  p r o j e c t .  The p o s s i u i e  need fc,r furtP.er G l a r i f i c a -  
t i o n  of t k L e  u readtn  and d e p t h  of' eacn of the n i n e  major 

a r e a s  cf the stud; xas d i s c u s s e d .  

i n g  this d i s 3 u s s i o n  were a n t i c i p a t e d  from MSFC p e r s o n n e l .  

Another t o p i c  of d i s c u s s i o n  was t h e  need for a s s i s t a n c e  

i n  o b t a i n i n g  m a t e r i a l s  from sDme c o n t r a c t o r s .  

Recorrmendations r e g a r d -  

F i f ' t h  Month 

1. 

2 .  

3 .  

4 .  

The accumulat ion and r e v i e w  of l i t e r a t u r e  for t h e  a n t h r o -  

pometry b io l iog raphy  was con t inued .  L i t e r a t u r e  t h a t  was 

n c t  immediately avai lable  was o r d e r e d .  Two letters were 

s e n t  t o  workers i n  the f i e l d  of  dynanic  anthropometry 

seeking t h e i r  mcre r e c e n t  f i n d l n g s  and l e a d s  t o  other 

wo1.ker.s and s t u d l e s .  A l i s t  of the  a d d r e s s e s  acccmpanled 

t h e  f i x t h  mcnthly prcgress r e p o r t .  

The s e a r c h  for l i t e r a t u r e  in w e i g h t - l i f t  c a p a c i t y  (Man's 

C a p a b i l i t y )  was approximately 75% comple te .  

ture on order  is r e c e i v e d ,  t h e  search wlll be cons ide red  

complete .  I n  g e n e r a l ,  data are q u i t e  ambiguous s i n c e  

t o o  many var iables  a re  i n v o l v e d .  

The search for l i t e r a t u r e  i n  d e c i s i o n  p r o c e s s e s  y i e l e d  

an a d d i t i o n a l  f i f t e e n  r e f e r e n c e s .  Most of  these were 

tP .eorc t ica1  i n  n a t u r e .  

The s e a r c h  for l i t e r a t u r e  dealing w i t h  sa fe ty  con t inued .  

Seven t i t l e s  were oota ined  du r ing  t h e  month and ariother. 

18 were on o r d e r .  

cvcr lappcd  w i t k L  t h e  areas of o p r a t i o n a l  e n v i r o r n e n t  and 

!tihen l i t e r a -  

/ 

Nuch of' t h e  s a f e t y  1 i t e r L t u r e  ob ta ined  
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6. 

7 
1 .  

c l o t h i n g .  The l i t e r h t u r e  tcnded t o  be su rveys  of 

p rac t iGes  and acd iden t  r iep ; r t s  witl-. sugges t ed  r.erned_ics. 

L l t c r a t u r e  on 2 l o t h J n i ;  w h ;  a l c o  s o u g h t .  T h i s  l i t e r a -  

t u re  dez l t  no t  only w i t h  garments  themselves  but  w i t h  

h e a t ,  co ld  and mois ture  r e s i s t a n t  t e x t i l e s .  Gamen t  

d€mensions were t r e a t e d  I n  s3me i n s t a n c e s .  S i x  t i t l e s  

were i n  hand whi l e  15 n o r e  were on o r d e r .  

Back-orders  of l i t e r a t u r e  on o p e r a t i o n a l  environment 

can t inued  t o  a r r i v e .  Ten F u D l i c a t i o n s  were r e c e i v e d  

wh i l e  an a d d i t i o n a l  44 remai1:ed on o r d e r .  The l i t e r a -  

t u r e  received was not c o n c e n t r a t e d  i n  any one a r e a  Lrnd 

inc iuded  i l l w n i n a t i m ,  n o i s e ,  t empera tu re  and v i b r a t i o n .  

O n e  res-)onsi. t o  the letteins of s 3 l i c i t a i i o n  was r e c e l v r d  

d u r i n g  t h e  month l e a v i n g  tile response pe rcen tage  v i r t u a i l y  

unckanged. 

S i x t h  Nonth -- 
1. P r t v i o u s l y  ordered l i t e r a t u r e  on operational environment  

con t inued  t o  a r r i v e .  V i b r a t i o n  and tempera ture-humidl ty  

were r e p r e s e n t e d  but the t u l k  of  t h e  materials dea l t  

w i t h  i l l u m i n a t i o n  and n o i s e .  More a g r e e r x n t  on the e f -  

f e c t s  of v a r i o u s  no i se  l e v e l s  was enc(;untered t n a n  w & s  

t r u e  i n  t h e  l i t e r a t u r e  t r e a t i n g  l i g h t i n g  r .equirements .  

Opinions arid data i n t e r p r e t a t i o n s  of r e s e a r c h e r s  i n  t h e  

latter a r e a  were o f t e n  i n  d i r e c t  c o n f l i c t .  

2 .  The s e a r c h  f o r  s a f e t y  l i t e r . s t u l - e  c o x t i m e d .  Nater*ials 

m c e i v e d  arc  largely s t a t e m e n t s  of proceciux;  t o  b e  
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materials t h t  were alrcadJ in- t iand.  These a b s t r a c t s  

were t e i n t ;  accuimla ted  u n t i l  t h e r e  were a s u f f i c i e n t  

nurrber t c ;  begin l n t c g a t i n g  them i n t o  a rcugn diaaft .  

3. Responses t o  t h e  l e t t e r  uf' s o l i c i t a t i o n  con t inued  to be 

r e c e i v e d .  In some i n s t a n c e s  tl-.e r e sponses  inc luded  

ncines of pe r sons  b e l i e v e d  t o  oe s o u r c e s  of p e r t i n e n t  

mater ia l s .  These pe r sons  were t h e n  c o n t a c t e d  by l e t t e r .  

A l i s t  of nanes r ece ived  i n  October scconpanied  t h e  

f o u r t h  monthly p r o g r e s s  r e p o r t .  

Some first e f f o r t s  t o  c l a r i f y  and d e s c r i b e  t h e  c o n t e n t  

and l i m i t s  cf che major areas 1;ad beLun. I t  was n o t  

expected that  t h i s  would a c h i e v e  i ' r u i t i o n  u n t i l  zcn- 

f 'errl ing f u r t h e r  w i th  MSFC pe r sonne l  however.  

6 

li. 

F i f t h  Month 

1. 

2. 

-1 

J .  

PTJint-out c a r d s  from t h e  computer s e a r c h  c m t i n u e d  t o  

be examined for leads ir, t h e  i i t t r a t u r e  of a l l  t h e  

areas.  It was expected t h a t  L n i s  a c t i v i t y  would t e r -  

mina te  d u r i n g  the month of December. 

L i t e r a t u r e  was being a c q u i r e d  and reviewed i n  all of 

t h e  areas. If p e r t i n e n t ,  it wc'ls a b s t r a c t e d  and added 

t r ,  the  a p p r o p r l a t e  bioliography. Time s p e n t  i n  l o c a t -  

ing and o t l t a in ing  l i t e r a t u r e  s t i l l  exceeded t i m e  s p e n t  

i n  x v i e w i n g  and a o s t r a c t l n c  it, however .  

More e f f ' o i t  was being k;lven t o  s m d u d i n g  a w r i t t e n  

r a t i o n a l e  f o r  each a:.ea as wel l  as zi desc;.i:.tion of i t s  

c o n t e n t s .  Draf t s  o f  t tlis work werle expec ted  t o  c e  i n -  

c l u d e d  i r i  t.? e second q u a r * t e i * l y  r -eyor t  . 
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L .  E i ' f G r t  was bein, resuxied on controls and d i s p l a y s .  

' i 'n is  work idad ceased ternpor'arliy w l i i  l e  e1'i'ol.t was ex- 

pended on acqui r in ;S  l i t e r a t u r e  on man ' s  ca;;ablllty 

and decision ~ : - o c e s s e s .  

S i x t h  i.lonth 

1. T h e  l i t e r a t u r e  r e v i e w ,  i n c l u d i n g  a c G u i s i t i o n  e f f c r t s ,  

i s  c o n t i n u i n g  in a l l  o f  the major areas .  A s  in t h e  

past  t h e  c c n t r o l s  a d  d i s p l a y s  &rea remzins t he  richest 

in p u b l i c s t i o n s  in k.2r:d ana on o r d e r .  

2. Etirstl.acts cf  p e r t i n e n t  l i t e r a t u r e  cQntir ,ue to be & r e -  

psi'ed ard/ori c o l l e c t e d  i n  r c l r o d u c i b l c  f 'orn.  It Fs  

a n t i c i p a t e d  t h L t  C G > ~ C S  cf' these  E c s t r a c t d  w i l l  accorn- 

pany t h e  z t x t  monthly progress r e p o p t .  

d - .  B i b l i o g r a y h y  of mte:.lal p e r t i n e z t  t o  the  c h a p t e r  on 

m n ' s  c a p a b i l i t y  i s  beir.g aczumulated p re r l a ra t c ry  t o  

t n e  i n i t i a l  i n v e b t i t a t i o n  of t h a t  l i t e r a t u r e .  

-I. Brief  d e s c ; i F t i o n s  o f  the c m t e n t  areas ccn t a lncd  i n  

eacn s e c t i o n  are w i n g  d ra f t ed .  Some l i m i t e d  amount 

of r a t i o n a l e  i s  being inc iuded  as w e l l .  F i r s t  d r a f t s  

of t h i s  work i?cc::rn>any t h i s  r e p o r t .  

F o u r t h  Noritti 

A s  mentioned earlier., a d d i t i c x a l  a t t c n t i o n  i s  Leing g iven  

t o  trlc d e s c r * i p t i o n s  GI' ~a:h of' t h e  n i n e  maJor* areas of t h e  

st i idy ' s  o r g a n i z a t i o n .  Achiev:n, t!-Le b r e a d t h  and d e p t h  
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necessa ry  f o r  comprehensive t r e a t m e n t s  of these areas will 

b e  d i f f i c u l t  b e c a s e  of t k e  great quantities of l i t e r a t u r e  

t o  Le reviewed by a l i m i t e d  riurnoer of pe r sonne l .  F u r t n e r ,  

as ~nuck-~;, or moreJ time i s  r e q u i r e d  t o  l o c a t e  material a3 i s  

r e q u i r e d  t o  review i t  f o r  per t izenc j r  and a b s t r a c t  5 . t .  De- 

c i s i o n s ,  therefo:*e, w i l l  p robauly  have t o  b e  made in t h e  

n e a r  f u t u r e  r e g a r d i n g  t h e  l i m i t s  o r  cu t -o f f  p o i n t s  for t h e  

va=.ious a r e a s .  

Fifth MGnth 
/ 

fis d e s c r i b e d  i n  t h e  two preceding  s e c t i a n s  of t h i s  r e p o r t ,  

s teady progress  i s  tieing made i n  l o c a t i n g ,  o b t a i n i n g  and ab-  

sLr&dtir?g p e r t i n e n t  l i t e r a t u r e  i n  a l l  of t he  v a r i o u s  areas.  

~ i i e  t i m e  s p e n t  i n  a c q u i r i n g  and rev iewing  l i t e r a t u r e  (some 

of which i s  found t o  be of  l i t t l e  v a l u e  when examined closel ; ; )  

remains a proDlem because of t h e  v e ~ y  bulk of l i t e r a t u r e  and 

8 

t h e  l i n i t e d  number of peilsonnel.  

Z i x t h  - Month 

Progress has been s t e a d y  i n  l c c a t i n g ; ,  o b t a i n t n g  and r e v i e w -  

i n g  l i t e r a t u r e  i n  a l l  a r e a s .  In fo rma t ion  c o l l e c t e d  i s  

more asundant  i n  some a r e a s  than others. T h i s  i s  due t o  

a pauci. ty of‘ s?ecific p e r t i n e n t  l i t e r a t u r e  i n  son;e cases 

but more o f t e n  r e f l e c t s  the need f o r .  a d d i t i o n a l  h e l p  i n  

t n e  l i t e r a t u r e  searc!l. I t  i s  hoped that a nee t in6 ,be tween  

N A S A  personnel  and ttie P r o j e d t  SLLfi’  can D e  a r r anged  soon 



. .  

in order t o  r e s o l v e  this problem and t o  de t e rmine  t h e  

im?iementat lon cf' tkle Edejuacjr S z a l e  3s well. 

W. R .  Harmer, P h . D .  
P r i n c i p a l  1:ivestigat or 

E. W. P i c k r e l ,  Ph .D.  
Pro, j :eGt  Eniineer 
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-2 haintainability Philosophy and Rationale 

term maintainakility seems to be somewhat like virtue in 

that it means different things to different people. There are 

certain areas of agreement such as a close relationship to relia- 

bility and a major cost factor In systems operations. 

Chapanis and Cook (1963) offer the following definition: 

"Maintainability Is the degree of facility with 

which an equipment or system is capable of being 

retained in, or restor-ed to, serviceable opera- 

tion. It is a function of parts accessibility; 

internal configuration; use and repair environ- 

ment; and the time, tools, and training required 

to effect maintenance." (p. 367) 
i. 

The goals of' maintainability seem to be two-fold (a) to Increase 

the amount of time a system is available for I t s  intended func-  

tion, ( b )  to affect reductions in the cost of systems operations, 

In essence, goal (a) infers the increase of reliability with the 

implication that improved component and sub-assembly reliabilities 

will reduce the need for maintalnability considerations. Goal ( b )  

likewise promises lowered operational costs as reliability is in- 

creased. 

It can be argued that maintainability is primarily a synonym for 

repairabllity. However, the maintenance of equipment involves 

more than the repair of faulty components. The functions of 

testing, preventative maintenance and trouble-shooting are a l s o  
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included in maintal nabi 1 I ty . 
may also make f o r  e l s e  of preventative maintenance of the unit 

but may not Inprove testing and trouble-shootlng tasks. Thus 

the designer must consider b o t h  aspects in determining the final 

blend of components and configurat!ons. 

Factors which promote repairability 

Designing f o r  maintainatility, like design f o r  any o t h e r  attri- 

bute, is most successful when c r i t e r i a  are incorpo:>ated In the 

earliest stages of planning. To successfully design f o r  main- 

tainability it is necessary to have information on the fo l low-  

ing : 

1 .  

2. 

3. 

4. 

Operational equipment similar to the proposed deslgn. 

Listings of maintenance feat7.ires incorporated and r:ta:.n- 

tenance problens arising during usage are especially 

needed. 

Familiarity wlth the function of the equipment in the 

entire system as  well as its speciflc location In terms 

of access, structural restr:ctions and environmental 

conditions. 

Determine what equipment being used to test and service 

related equipment is suitakle, with or without,adapta- 

tlon t o  the current design. 

Find oGt what types of maintenance men will he availa- 

ble f o r  the task. Prepare l i s t s  of the skills t h e y  

must possess .  c 



I . '  5. The work and s t o r a g e  areas  t h a t  can  b e  used f o r  t h e  

equipment a n d  s u p p o r t  g e a r .  Also  what supp ly  f a c i l l t i e s  

aye a v a i l a b l e  t o  provlde spare p a r t s .  

6 .  Tne l eve l  of' maintenance t h a t  w i l l  be  performed i n  l o c a -  

t i o n ,  i n  shop ,  and r e a r  eche lon  r epa i r .  

The ever growing body of m a i n t a i n a b i l i t , y  c r i t e r i a ,  g u i d e l i n e s  

and r u l e s  has been developed l a r g e l y  through i n s i g h t ,  sugges-  

t i o n s  of maintenance pe r sonne l ,  and s t u d y  of f a i l u r e  r e p o r t s  of 

exlstlng systems. Few sys t ema t i c  s t u d i e s  of va r i ab le s  I n f l u e n c -  

i n g  m a i n t a i n a b i l i t y  have  been conducted (Rigney & Hoffman, 1962) 

and t h e  b u l k  of t h o s e  h a v e  t e s t e d  e i t h e r  t r a i n i n g  procedures  o r  

a specialized p lece  of t e s t i n g  equipment .  

Most m a i n t a i n a b i l i t y  c r i t e r i a  seem t o  have been developed t o  

cope w i t h  expec ted  o r  e x i s t i n g  problems.  The geneolopg of such  

c r i t e r i a  is  u s u a l l y  oksciired and imposs ik l e  t o  t r a c e .  The t r u e  

va lue  of these  r u l e s  can  n o t  r e a d i l y  be  a s c e r t a i n e d ,  b u t  a l l  d o  

have h igh  f a c e  v a l i d i t y  .in t h a t  t h e y  seem h i g h l y  r e a s o n a b l e  

s o l u t i o n s  t o  t h e  problem. 
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